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Executive Summary

The lllinois Emergency Management Age(&MA) is mandaedwith protecting public health and

safetyand the environmerfrom thepotentially harmful effects abnizing radiation In support of

that mission IEMA conductsradiologicalenvironmental monitoringaroud | | | i noi s® si x o0
nuclear power station@NPS)andthe Zion NPSwhich ceased operation 108 andcompleted the
decommissioning process in 2019.

| E M Aadlislogicalenvironmental monitoring progratmasthree primaryfunctions 1)collecton of
diverse samplefsom carefully chosen locatios a routine basis, including simultaneous field
surveillance; 2analyzingsampledor radionuclidesand 3) evaluation of test results on both an
annual and historicabasis

Federafkegulations establish standards for protectiointhe publicagainst ionizing radiation from
activities conducted under U.S. Nuclear Regulatory Commission (US NRC) licenses, such as
operation oNPSs The U.S. Environmental Protection Agency (US E}he lllinois
Environmental Protection Agen€lEPA) setdrinking waterand Class | groundwatestandards for
several types of radioactive contaminants; the limit for trititnboth drinking waterand Class |
groundwater, 20,000 picocuries per lites,used for comparison purposes within this report.

In 208, 628environmentakamples were cattedand analyzedor radioactivity The samples
collected by IEMA includedvater, sedimentsoil, air,vegetationand fish. In addition1564
environmental dosimetrs(Optically Stimulated Luminescen&osimetersor OSL$ were
strategicallydeployed arounthe NPSsites to measure direct radiatioBnvironmental dosimetry
results provide a baseline of ambient gamma radiation levels withim#lel@adius of eacNPSand
other background reference locations across the state.

In 201, all testresultsf or sampl es col / ected as part of | EMAG
program for NPSswere below federaland statesafety standardsand guidelines
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Introduction

With 1loperating reactors at sidPSs lllinois is home to more commercial nuclear power
generation than any other state in the country. Although direct regulatory auttoritie

operation olU.S.NPSgesdeswith the U.S Nuclear Regulatory Commission (MRC), the lllinois
Emergency Management Agency (IEMA) is mandated with protecting public health and safety and
the environment from the potentially harmful effects of ionizing radiatiorsupport of that

mission, IEMAconductsradiologicalenvironmental monitdng in the environs ofachoperating

NPS IEMA also maintains eadiological environmentahonitoring programat Zion NPS which

ceased operation il998ndcompleted the decommissioning process in 20t8trolo bac kgr ound 6
sampldocationsarechoserin areas where the samples aat influencedoy station operations.
Backgroundsamplesarecollected and analyzeguarterly, and the results are compared to the sample
results collected for eadPS Backgroundenvironmentakample are takerfrom Sangchris Lake

State Park near Kincaitllinois andair monitoringsamplesre collectedn Springfield Marion, and

West Chicagolllinois. Backgroundocation information and sample results can be found on pages
1421%.

In addition todraditional6radiologicalenvironmental monitoringEMA hasa Remote Monitoring
System (RMS) around eatPS | EM&AsGar advanced, integratenimputerbased system
that continually monitors selectestation operational parameters aach facility and is capable of
identifying and measuring the presence of radioactive materiatation effluents and direct
radiation inthe surrounding environment. T$oneof-a-kind systemconsists of three separate
subsystems: the Reactor Datak (RDL), the Gaseous tifent Monitoring System (GEMS)ndthe
Gamma Detection Network (GDN).

IEMA has developed softwatkat continually monitos and analyzedatacollected through the
RMS. Additionally; the softwareprovides naotification of unusual occurrences to-oall IEMA
personnel.

Thi s r epor t radiobogicaliaevireanméntalivichifosng program including data from the
RMS, for the period Januarg0D through Decembe20D for the six operatindNPSs inllinois, the
now decommissionePSat Zion, the background sampling locations in Kincaid, Marion,
Springfield, and West Chicago

IEMA Radiological Environmental Monitoring Program

The IEMA Radiological Environmental Mdaring Program for lllinoisNPSsis designed to evaluate

the environs of all lllinoifNPSsby monitoring the movement, or lack of movement, of radionuclides,
and subsequently determine any potential for public exposTiigical pathways for potential
radiationexposure to the public includdirect radiation, airborne, waterborne, aquatad
ingestion.Figure 1 depicts the different exposure pathways through which people may be exposed to
radiation ormay ingest radioactive materiEMA hasstrategicallyidentified sampling locations

that provide early indication of any potentialiblic healthand safety isswsregarding IllinoisNPS
operation. Data from the program &soused to establish a baseline data set that can be used to
perform exposure assessments in the event of a signifelg@ase from BPS

IEMA collects samples fromesignatedsamplinglocations on a routine basi§hese samplemre

then analyzedor the presence of radionuclidasd theresults are evaluatesh both arannual and
historical basisSample matrices monitored by IEMA inclustgl, vegetatiopand air as well as
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water, sediment, and fish from nearby waterwaydditionally, IEMA deploys an array of
radiological environmental dosimeters around eldé¥sto measure direct radiatiofrom all sources.

In 200, 628samples were collecteahd analyzed, antb64radiologicalenvironmental dosimeters
were deployedA description olEMA Radiological Environmental Monitoring Program for lllinois
N P Ssamsple collectiomnd analysifollows. Maps containing amplecollection and monitoring
locations as well atables containing sample and monitoriregsultsare included within thesite-

specificinformation provided in thiseport.

Figure 1. Radiation Exposure Pathways to Humans
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Sampling and Monitoring Activities

Water Sampling

NPSgequirelarge volumes of watéo operateand sometimes discharge a portion of this water to
rivers and lakes. This discharge is regulated by the US NRC and the lllinois Environmental
Protection Agency (IEPA)Potentially mpacted bodies of water include thamkakeelllinois,

Rock, and Mississippi ivers,as well asdeidekeand Clinton Laks. Samples are collected and

analyzedrom eachthese bodiesf water on a quarterly basis.

Stationoperations can also impact groundwat€hereforesamplesare collected and analyzed
guarterlyfrom potentially impactedwvells at or around\NPSs

Water samples are collected ¢osurethat there are no adverse radiological impacts to local water
suppies. The Public Water Supp{i? WS) limits for radionuclides are based upon the U.S.
Environmental Protection Agency (IBPA) and 1 Il inois Environment al
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drinking water standardd EMAS6s purpose for sampling private w
solely to screen for the presence of radionuclides in drinking water.

Soil Sampling

Soil samples are collected during the second and third quarters of the year and analyzed for
radionuclides that may have beegleased into the atmosphere and deposited on the ground
downwind from theNPS Soil is sampled at a depth of six inches to monitor the migration of
radionuclides away from the soil surface and at one inch to monitor for diepasitradionuclides
on the soil surface.

Vegetation Sampling

Vegetation samples are collected during the second and third quarters of the year and analyzed for
radionuclides that may have bemteased into the atmosphere and deposited on plant tissue or on
the groundand subsequentliaken up by the plantia the pot system.

Sediment Sampling

Sediment samples are collected during the second and third quarters of the year and analyzed for
radionuclides that may have been released froiRSinto a surrounding river or lak&®adionuclides
released into surroundingvers or lakes would be expected to accumulate in sediments downstream
of aNPS

Fish Sampling

Fish are excellent biaccumulators of radionuclides. Fishrgaes are collected from rivers and
lakesnearNPSdischarge pointgluring the second and third quarter of the yeadible portions of

the fish ardhenharvested andubmitted for analysisBothodpf eeder s 6 andéaré bott om
collectedfrom each samplingcation andare analyzed separately.

Air Sampling

Due to decommissioning activitias the ZionNPS which permanently ceased operation in February
1998]EMA maintained anetwork of air monitoring stdons around the Zion sitéAir samplesvere
collected continuously, with the air filters being changed analyzed weekly.

Direct Radiation Monitoring

IEMA maintains a networlof 406environmental dosimeters around the six operatitRSsand the

now defunct ZionNPS Unlike the environmental samples described previously, dosimeters do not
provide infomation aboutwhat radionuclides are found in the environment. Instéhe,dosimeters

are used to monitor for small changes in ambient background levels of gamma rad@tiwheach
NPSduring normal operations, as well as to determine the extent and magnitude of radiation dose to
the public following a significant releaséradioactivematerials into the environment or from

exposure to large quantities of stored materialsite.
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Dosimeters provide a direct measurement of the total dose produced by all sources of gamma
radiation, including naturally occurring radionuclid@nd cosmic rays, integrated over time. The
dosimeters are arrayed within a-dle radius of eacstationand are exchanged and analyzed
guarterly by IEMA.

In addition to the quarterly results, the approximabeposureper year an individual wouldeceive at

that location has been calculated. Those numbers can be compared to the average dadeition

an individual of 620 millirem per year from various sources (according to the 2009 National Council

on Radiation Protectionds Repomtemykd&)dfthatfoseszur e 2. )
from terrestrial and cosmic radiation (backgroundligtion).

Figure 2. Sources of Radiation Exposure to Man
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Reprinted with permission of the National Council on Radiation Protection and Measurements. (http://NCRPpublicatic

Gaseous Effluent Monitoring System (GEMS)

IEMA continuously monitors gaseous effluents from all operatiR@swith GEMS. The GEMS
provides automatic, online, continuous sampling of édleBeffluent stack. The GEMS is capable of
measurement and identification of particulates, noble gases amegdver a wide range of
concentratiors, from background levels to releases under emergency conditions. The GEMS can be
controlled remotely durindNPSemergencies to providkekibility in sampling (Figure B
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Figure 3. Computer Display of GEM®ata
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Gamma Detection Network (GDN)

In addition to placing dosimeters around th€Ss IEMA manageaGDN. The GDN consists of a
network of detectors placed radially arouaech of thd&NPSgo detect gamma radiation levels in the
environment. Each of thedetectors for each site is placed approximately two to five miles from the
station This system is capable of detecting gamma radiation in the range of background levels up to
10roentgengR) per hour.

Figure 5 is an analytical display for the ClinfdRSwith meteorological, GDN, and GEMS radiation
information. During an incident at one of thiations the information would be used by health
physics experts i n gengyMssessnerk @edter tolevalgatecrmvironntenta r
impacts of a release.

Figure 5. Display of Gamma Detection Network around ClintonNPS
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Figure 6. Typical IEMA GDN Field Installation

General Sampling and Monitoring Information

Every effort is made to collect all scheduled environmental samples; however, occasionally samples
are unobtainable due to weather conditions, water levels, or obstructed access.

Laboratory Analysis

Soil, sediment, vegetation, water, and air samgleanalyzed by the IEMA Radiochemistry

Laboratory located in Springfieldlinois. The laboratory participates in sefnnual proficiency

testing programs through Environmental Resource Associatescaedéted proficiency testing

provider, and the Department of Energy (DOE) Radiological and Environmental Science
Laboratoryds Mi xed Anal yte PerdSbsramanalgzedbfv al uat i c
IEMA staff using a Landauefn Light System Auto Read.

Tritium Analysis (Water)

Tritium is the primary radionuclide released in the effluent streaMR$s Liquid effluents from the
NPSsare released in accordance with 8tationd 4.S. NRC operating license to waterwaperthe

~

stationds National Pollutant Discharge EIliminati

The US EPA drinking water standard (National Primary Drinking Water Regulations: Maximum
Contaminant Levels and Maximum Residual Disinfectant Levels, 2iDjhe IEPA groundwater
standard (Groundwater Quality Standards for Class I: Potable Resource Groundwater, 2013) both
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set the limit for tritium in groundwater at 20,000 pCi/L. Drinking Water Standards are atgdlby
the USEPA and IEPA E MA 6 s fprsampliogspdvate wells and public water supplies is solely
to screen for the presence of radionuclides in drinking water.

Tritium emits a low energy beta particle. This beta energy is too low to be detected by ordinary
analytical methodologies for @wating gross beta activity. Therefore, to measure the concentration
of tritium, water samples are analyzed using liquid scintillation counting; a technique that is capable
of measuring radioactive emissions at very low energies and very low concestration

Total Strontium Analysis (Water)

Strontium results are compared to historical data, data collected from the background reference

| ocati on, and to the U.S. Environment al Protect
(National Primary Drinking Water Regulations: Maximum Contamin&etvels and Maximum
Resi dual Di sinfectant Level s, 2000) , as wel | as

(IEPA) groundwater standard (Groundwater Quality Standards for Class |: Potable Resource
Groundwater, 2013) which both set a limit for strami-90 at 8 pCi/L.

Strontium is easily masked by other radionuclides, including those which are naturally occurring.
Therefore, samples being analyzed &al srontium undergo preliminary chemical separation so
that the strontium may be isolated fonalysis. Sample analysis for total strontium is performed
usingalow-background gas proportional counter.

Gross Beta AnalysigWater)

Water samplesre analyzed for radioactivity through gross beta analysis ugjag proportional

counter. Sincemanyradionuclides associated withuclear power productioemit beta particles,

analysis ofvater samples for gross beta activity provides a good method of screening for the presence
of radioactive materials.

Gamma AnalysigWater , Soil,Sediment, Vegetation, and Fish

Water, soil, sediment, vegetation, and figtmples are analyzed to determine the concentration of
individual radionuclides using a higburity germanium detector in a process called gamma
spectroscopyGamma spectroscopesultsfor all sample typeare included within theNPSspecific
information provided in this report.

Note- Historically, environmental sodnd sedimensamples contain G$37 concentrations ranging
between 0.5 0.2 pCi/g as a result of atmospheric nuclear weapons testing.

GrossAlpha/ GrossBeta Analysis(Air)

Air particulate filters are analyzed for airborne radioactivity through gross alpha and beta analysis
using a gas proportional countegincemanyradionuclides associated withuclear power

productionemit either alpha or beta particles, analysis of air particulate samples for gross alpha/beta
activity provides a good method of screening for the presence of radioactive materials.
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Ambient GammaAnalysis

OSLs are analyzed by IEMA staff using a Landiaeght System Auto Reader. Results are expressed
as the average milliroentgen (mR) jgeiarter andcare also calculated to the approximate mR per year
that would have been accrued by an individual at that location for an entire year. Results for
envirommental dosimeters analyzed during 2@te included in the sitepecific sections of this report.

Limits of Detection

All analytical methods have limitations: amounts that are too small to be detected. The Minimum
Detectable Concentration (MDC) damsestanatedaithe pri or i 0
lower limit of detection. It is defined as the smallest quarttigt an analytical method has 95%

|l i keli hood of detecting. For example, the MDC f
picocuries per liter (pCi/L). Given a sample with a tritium concentration of 200 pCi/L, our

laboratory would detect that tritiunapproximately 95 times out of 100. Samples with less than 200

pCi/L could be detected, but with less certainty. Conversely, samples with more than 200 pCi/L

would be more likely to be detected, approaching 100% as concentrations increase. Analytical

methads are chosen, in part, on their MDC. As a general rule, methods are chosen such that their

MDC is less than 10% of any applicable regulatory limit.

Background Reference Areas

For comparison, samples are collected and analyzedomokyround reference areas lochte
in Springfield Marion,andKincaid,and West ChicagdBackground location information
and sample results can be found on pddgel55

Results at a Glance

Federal regulations establish standardsgotectionof the publicagainst ionizing radiation

resulting from activities conducted under®NRC licenses, such as operatiomNéfSs The U.S.
Environmental Protection Agency (US EPA) sets drinking water standards for several types of
radioactive cotaminants; thestandardfor tritium in drinking water is used for comparison purposes
within this report.

Detectable levels of tritium were found in surface water santgles near theDresderand LaSalle
stations. The elevated levétsund neathesestationsare likelyattribut ableto theliquid effluent
release$rom the Braidwood statioor the radioactive effluents released from the Dresden sewage
treatment plant and storm sewer system as unmonitorguidi releasesritium is a normal part of
the effluent stream dfiPSsandits presencén nearby surface wateources igxpected The
concentrationgletected were well below the US EPA limit for tritium in drinking water.

Detectable levels of tritium were also foundymoundwatersamples taken from a well located at the
Braidwood station. In 2005, it was discovered that a leak in the line that transported effluents to the
Kankakee River had allowed for the unpermitted aske of effluents to groundwater. Subsequently,
tritium was found ingroundwaterand a pond outside the boundaries of st&tion. As a result,

IEMA continues to analyze spliroundwatersamples collected by Exelon from two locations on

site. Sample MW4 is taken neathe turbine building andsample D takenfrom F-ditch.

Detectable levels of tritium were consistently found in the groundwater split samples from location
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MW -4. The concentrations detected were well below the US EPA limit for tritiumiivkiohg
water.

Cesium137 in concentrations greater than the established MDC wasiseealNPSs however,

the concentrations seen were consistent wsthil concentrations historicalljound from

atmospheric nuclear weapons testi@gr.conium-95 in concentrations greater than the established
MDC was seen during theecondquarter sampling in a soil sample collectezin the Forest
Preserve on River Roaéar the Byrostation and from a sediemt sample collectefiom the
Waupecan Creekear the LaSallgation. Results from thesecondquarter sediment sampling of the
Waupecan Creek near the LaSadiation also indicated the presenceNibbium-95 in a
concentration greater than the establish€IDC. Results from samples collected at those locations
during thethird quarter werebelow the established MDC for all radionuclid@d.other gamma
spectroscopy radionuclides of interest were below their established MDCs.

A total strontiumconcentration abovthe established MDC waeund atthe Mississippi River at
Rapid City sampling location near the Quad Gitsttion during thesecondquarter samplingThe
result from the sample collected at that location in thied quarter was belowtte established
MDC. These slightly elevatetbncentrations ofotal strontiumare likely attributableto the liquid
effluent releases from tiNPSs

Gross beta analysis indicated that many sampling locations had slightly elevated levels of beta
contamnation. These slightly elevated levelsgobssbetaare likelyattributableto the liquid effluent
releases from thiPSs

Ambient gamma results weosemparable tdistorical and background levels for BIPSs

In2010, al | results for s amprhdolegicalenlvirormentae d as | part
monitoring program for NPSswere below federaland statesafety standards and guidelines.
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Braidwood Nuclear Power Station

TheBraidwoodNPS consisting of two 3,58Vlegawatt (MW) pressurized water reactof(®WR), is
owned and operated by Exelon Corporatiand locatedin Will County, lllinois. Unit 1 began
operation on May 29, 1987 and Unit 2 on March 8, T¥&8site is located in northeastern lllinois,
approximately 15 miles soutisouthwest of Jolieand 60 miles southwest of Chicagmear the
Kankakee River

Liquid effluents from the Braidwoosation are released in controlled batches to the Kankakee River

in accordancevithr el ease | i mits governed bandthebtaion8$ at i onod s
IEPA National Pollutant Discharge Elimination Systemnpierin 209, there were83liquid effluent

batch releases from the Braidwaosidtion.

In 2005 it was discovered that a leak in the line that transported effluents to the Kankakee River had
allowed for theunpermittedrelease of effluents to groundwat&ubsequentlytritium was found in
groundwaterandin a pond outside the boundaries of #tetion. As a resultiEMA continues to

analyze split water samples collectedExelon from two locationsn site One sample is collected

from agroundwaterwell (MW -4) located neathe turbine building andhe other is a surface water
sample collectettom F-ditch (DS-2). Detectable levels of tritium wensistently found ithe
groundwater split samplesom location MW-4.

All tritium levels detected were below 8,000 pCi/Ldrinking water limit set by the UEPA and
IEPA.

Maps ofthe monitoring @ad samplingdcationsfor the Braidwood NP8rovided in thissection
(Figures 710 provide arnoverview of all samplingnd monitoringlocations in the vicinity of the
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BraidwoodNPS(yellow starin the centef. The second yellow star near the tog-igfure9
represents th®resderNPS

Significant Events or Changes for 2019

Elevated tritium concentrations were fourtiiring E x e | routin@ analysis of surface water

collected from the Braidwoo@ooling Lake.On March 7, IEMA collecteign surface water samples

to verify that the concentrations within the cooling lake and surrounding bodies of water were not
impacted. Nine samples were collected from the cooling lake, and one from the Kankakee Riv
Sample results for the samples taken on March 7 indicate that the results are consistent with past
cooling lake and river samples.

Braidwood Sampling and Monitoring Results

Water Sampling Results

No detectable levels of tritium were found in sacé water samples taken near the Braidwood and
Dresden stations. Detectable levels of tritium wietendin groundwatersample collected frona
well at the Braidwood statiorElevated levels of tritium are known to existthis well andaredue

to the 2005 groundwater tritium lealdll tritium levels were well below thB®rinking Water
Standards established by the BBA and IEPA.

Results from total strontium analysis indi@tno concentrations above the established MDCs.

Results fromgrossheta analysis indicated thdlhe established MDC was met at some
sampling locations andre likelyattribut ableto theroutineliquid effluent releases from the
Braidwoodstation.

Gamma spectroscopy resufty water samples indicated no concentrations above the
established MDCs.

Soil Sampling Results

Gamma spectroscopy results for soil samjdigated no concentrations of reactproduced
radionuclides aboveackgroundCesium137 in concentrations greater than the established MDC
wasseen buivas consistent with soil concentrations historically found from atmospheric nuclear
weapons testing.

Sediment Sampling Results

Gamma spectroscopy results Badimentsamples indicated no concentrations of reaqiozduced
radionuclides above backgrour@esium137at aconcentration greater than the established MDC
wasseen butvas consistent with soil concentrations historicaftyund from atmospheric nuclear
weapons testing.
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Vegetation Sampling Results

Gamma spectroscopy results f@getationrsamples indicated no concentrations abthe
established MDC

Fish Sampling Results

Gamma spectroscopy results figh samples indicated no concentrations abthe established
MDC.

Direct Radiation Monitoring Results

The ambient gamma monitoring resulierecomparable toesults found at the backgumd
monitoring locations at Sangchris Lake State Park near Kinidiaiojs.
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Braidwood Maps of Monitoring and SamplingLocations

Figure 7.0SL and GDNMonitoring Locations - Braidwood
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Figure 8.0SL and GDN Monitoring Locations Braidwood (continued)
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